Introduction {#Sec1}
============

Emotion and visual perception {#Sec2}
-----------------------------

A major function of our cognitive system is to create mental representations for external objects. In general, physically salient objects can gain processing priority (Itti & Koch, [@CR14]). In addition, our inner states, including the task goal (Folk, Leber, & Egeth, [@CR8]; Folk, Remington, & Johnston, [@CR9]; Lo, [@CR20]), knowledge (Biederman, Mezzanotte, & Rabinowitz, [@CR1]; Oliva & Torralba, [@CR28]; Palmer, [@CR29]), and emotion, can also modulate this object-to-representation process.

The present study focuses on the interaction between emotion and the perceptual system. As Simon ([@CR38]) points out, the chief function of emotion is to reorder processing priorities. Specifically, stimuli that signal potential dangers will be prioritized. Empirical evidence for how emotion modulates perception has been shown in miscellaneous behavioral studies (Fox, Russo, Bowles, & Dutton, [@CR11]; Öhman, Flykt, & Esteves, [@CR27]; Tsuchiya, Moradi, Felsen, Yamazaki, & Adolphs, [@CR39]; Van Damme, Crombez, & Notebaert, [@CR40], Yang, Zald, & Blake, [@CR44]) and neuroimaging studies (Bradley et al., [@CR4]; Junghofer et al., [@CR15]; Junghofer, Schupp, Stark, & Vaitl, [@CR16]; Sabatinelli, Bradley, Fitzsimmons, & Lang, [@CR37]; Vuilleumier, [@CR41]). For example, in the study by Phelps, Ling, and Carrasco ([@CR31]), the participants' perceptual judgment for a peripherally presented Gabor patch was facilitated by a central fearful face that was presented prior to the target, evidenced by a contrast sensitivity increase of 22% at threshold. In this case, a fearful face signaled a potential danger, which might have elevated the observer's arousal state, leading to a better performance. The facilitative effect of emotion on perception was further corroborated by event-related potential (ERP) studies (Pourtois, Grandjean, Sander, & Vuilleumier, [@CR33]; Pourtois, Thut, Grave de Peralta, Michel, & Vuilleumier, [@CR34]; Zinchenko, Kanske, Obermeier, Schroger, & Kotz, [@CR46]). For example, Zinchenko et al. ([@CR46]) demonstrated that the facilitative effect of negative emotion on cognitive functions could be manifested in the ERP component that arose 100 ms after stimulus onset.

Paradoxically, emotion-charged stimuli sometimes lead to an inhibition effect. In a series of studies that investigated emotion-induced blindness (EIB) (Most, Chun, Widders, & Zald, [@CR23]), observers' detection performance regarding a target picture deteriorated when a task-irrelevant emotional distracter preceded the target picture (Kennedy, Rawding, Most, & Hoffman, [@CR18]; Most, Chun, Johnson, & Kiehl, [@CR22]; Most et al., [@CR23]; Most & Jungé, [@CR24]; Wang, Kennedy, & Most, [@CR43]). In Most and Wang's ([@CR25]) study, for example, the mean accuracy of the perceptual judgment task decreased by approximately 13% in the negative condition with respect to the neutral condition. So why does EIB occur? A review by McHugo, Olatunji, and Zald ([@CR21]) suggests that EIB might be a special case of the perceptual phenomenon known as the attentional blink (AB). The AB occurs when the observer has to identify two targets (T1 and T2) among a stream of rapid, serially presented visual stimuli, and the detection of the second target (T2) is disrupted when T2 is presented roughly 180--450 ms after T1 (Raymond, Shapiro, & Arnell, [@CR36]). A possible explanation for the AB effect is that target identification requires attention, and attention is not available for T2 when it is presented too close to T1, while the attention-demanding mechanism is still engaged with T1 (Chun & Potter, [@CR6]). Presumably, the AB effect occurs only when there are two targets. When there is only one target, the AB effect should not occur, but an emotion-charged distracter presented prior to the target might also attract attention and automatically become a "T1," impairing the target identification performance and causing the EIB effect.

Two-stage models for attention {#Sec3}
------------------------------

As mentioned above, some studies demonstrated a facilitative effect of emotion on perception (e.g., Phelps et al., [@CR31]), while others demonstrated opposite effects (e.g., Most et al., [@CR23]). To reconcile this contradiction, Bocanegra and Zeelenberg ([@CR2]) manipulated the cue-target interval and showed a facilitative effect of an emotion cue on target identification with a long cue-target interval (1,000 ms), and an inhibitory effect with short intervals (50 ms and 500 ms). To explain the cue-target interval effect, Bocanegra and Zeelenberg ([@CR2]) speculated that short and long cue-target intervals probed two different stages of attentional processing, and emotional stimuli exert distinct effects on these two separate stages.

Researchers have postulated different versions of two-stage models (Bowman & Wyble, [@CR3]; Chun & Potter, [@CR6]; Goodbourn & Holcombe, [@CR12]; Kanwisher, [@CR17]) that account for the attentional operation on rapidly presented stimuli. These models generally involved a high-capacity sensory processing stage, followed by a capacity-limited stage that consolidates the sensory information into stabilized representations for conscious report. In the study of Bocanegra and Zeelenberg ([@CR2]), the authors speculated that the presence of emotional stimuli may facilitate the high-capacity sensory processing stage (stage 1), which could carry over to other stimuli that were presented within a long range of time, leading to facilitative effects for stimuli that are presented long after the emotional distracters. However, emotional stimuli also preoccupy resources for consolidation (stage 2), resulting in impairment for consolidation of the stimuli that are presented closely to the emotional distracters.

Although the conceptual framework of the two-stage model is commonly seen in previous studies, few studies have provided a method that can separately probe the two separate stages. In a recent study, Goodbourn and Holcombe ([@CR12]) developed an experimental paradigm that could separately manifest the parallel nature of the initial sensory stage, and the serial nature of the latter consolidation stage, which they termed the "parallel activation and serial tokenization" model of attention. In the critical conditions of this study, participants viewed two letter streams of rapid serial visual presentation (RSVP) and were instructed to monitor one (single-target condition) or both (dual-target condition) streams. Two flashing rings were presented in the middle of the trial, and the task was to identify the letters that co-occurred with the ring cues. Serial position errors (SPEs) were estimated by the temporal lag between the reported letters and the target letters. For example, if the participant accurately reported the target letter, then the SPE would be 0; if the subject reported the letter that was presented one item after the target letter, then the SPE would be +1. The results of the study revealed that the single-target condition and the dual-target condition yielded different SPE distributions. To investigate the SPE differences, the SPE distributions were then fitted with a mixture model that was composed of a Gaussian distribution and a uniform distribution. The Gaussian distribution was comprised of the SPEs derived from perceived targets, and the uniform distribution was comprised of the SPEs derived from random guessing responses. The rationale of this mixture model is that when participants viewed a series of letters, all the letters activated their *type* representations, which were fleeting and inaccessible for conscious report. The appearance of the ring cues triggered the "selection" process, and only the selected representations could be further consolidated in the visual short-term memory to become *token* representations for conscious report. The Gaussian distribution in the mixture model was comprised of the selected representations. A higher proportion of Gaussian distribution indicates more trials with successful selection and consolidation; thus, Goodbourn and Holcombe ([@CR12]) defined the proportion of the Gaussian distribution as the selection *efficacy*. The Gaussian distribution is determined by two parameters, the mean and the standard deviation, and they can be estimations of selection *latency* and *imprecision.*[1](#Fn1){ref-type="fn"}

Compared to single-target selection, dual-target selection did not affect the selection time, as indicated by equivalent selection latency and selection imprecision between the single-target condition and the dual-target condition. Therefore, simultaneously presented stimuli activate their type representations in a parallel fashion, and the appearance of ring cues triggered the process that selected the two targets in a parallel fashion as well. The cost of processing two targets arises at the consolidation stage, evidenced by the lower selection efficacy in the dual-target condition than in the single-target condition. When participants had to consolidate the two selected target representations, they tended to make a reasonable response for one target and guess for the other. Which one could be prioritized? According to Goodbourn and Holcombe's ([@CR12]) finding, the stimulus on the left side was prioritized because the target on the left side yielded a higher selection efficacy than the target on the right side.

Goal of the present study {#Sec4}
-------------------------

The effect of emotion on attention could be facilitative (e.g., Phelps et al., [@CR31]) or inhibitory (e.g., Most & Wang, [@CR25]). Bocanegra and Zeelenberg\'s ([@CR2]) study showed that the cue-target interval could be a possible cause for this controversy, but further research is needed to examine the underlying mechanism of the cue-target interval effect. In the present study, we examined the emotional effect on perception, based on the paradigm developed by Goodbourn and Holcombe ([@CR12]), which could separately probe the initial selection stage and the latter consolidation stage of attentional processing. More specifically, if stimulus emotion affects the initial selection stage by modifying the selection time, different latency (mean of selection times) or imprecision (standard deviation of selection times) values for stimuli with different emotions should be observed; if stimulus emotion affects the subsequent consolidation stage, the only index that could be affected by stimulus emotion should be the selection efficacy.

A challenge in this study was to develop a task where participants were able to identify briefly presented stimuli that are emotionally charged. We chose Chinese characters to achieve this goal. A Chinese character is considered a morpheme, which, in a language, is the smallest unit that possesses a meaning. Its morphemic feature enables it to possess a denotation, which is the literal meaning of the character, and a connotation, which implies a particular emotional value.

This study is made up of three experiments. Experiment 1 was a replication of Goodbourn and Holcombe's ([@CR12]) study, so English letters were used as stimuli. The critical experiments were Experiments 2 and 3, where Chinese characters with neutral or negative connotations were used.

Experiment 1 {#Sec5}
============

Methods {#Sec6}
-------

### Participants {#FPar1}

The experimental protocols in this study were approved by the Research Ethics Committee for Human Subject Protection of National Chiao Tung University. Eight people (three males) in Experiment 1 (age range: 20--21 years, median = 20 years) with normal or corrected-to-normal vision participated in this experiment, and all gave their written consent before participating. The data from one participant (female, 20 years of age) were excluded because the mixture-modeling analysis (details will be described below) suggested that she made random reports on 99% of the trials. Subsequent statistical analyses were based on the other seven participants (three males; age range: 20--21 years; age median = 20 years).

The aim of Experiment 1 was to replicate Goodbourn and Holcombe's ([@CR12]) study. The main finding in their study was the higher efficacy value for the left target than the right target. To achieve the effect size of the left-side advantage observed in their bilateral condition in Experiment 2, where stimuli were bilaterally presented and the effect size *d* was 1.81, a minimum sample size of six was required to achieve 90% power, according to power analysis performed by G\*Power 3 (Faul, Erdfelde, Lang, & Buchner, [@CR7]).[2](#Fn2){ref-type="fn"} Furthermore, in Goodbourn and Holcombe's original ([@CR12]) study, they initially recruited six participants for each experiment and then replicated the results of these six participants by adding another group of 20 observers for each experiment, in the same study. Therefore, a sample size of seven should be sufficient to manifest the left-side benefit on efficacy with English letters.

### Apparatus {#FPar2}

All three experiments in this study were programed in MATLAB r2014b (32-bit) with Psychtoolbox-3 extensions (Brainard, [@CR5]; Pelli, [@CR30]). Visual stimuli were displayed on a 17-in. CRT monitor (Mitsubishi i-TECH IF700 CRT Monitor) with a spatial resolution of 1,024 × 768 pixels and a refresh rate of 85 Hz. A viewing distance of 66 cm was maintained with a chinrest. An Arrington MHU 03 eye tracker was attached to the chinrest. However, due to a technical error, the sample rate of eye-gaze location was not high enough to differentiate fixations and saccades. In all experiments in this study, the participants were informed of an eye-tracking device that recorded their eye movements. This encouraged participants to concentrate, but no data from fixations and saccades were available for analysis.

### Stimuli and procedure {#FPar3}

This was a replication of an experiment in Goodbourn and Holcombe's ([@CR12]) study. Two streams of letter RSVP were presented either on the upper two quadrants or the lower two quadrants of the display, with the letter center having an eccentricity of 4°. The letters were white (95 cd/m^2^) uppercase English letters rendered in Menlo font. The height of the letter was approximately 4° and the width was 2°.

Figure [1a](#Fig1){ref-type="fig"} provides an illustration of the experimental stimuli. Each stream began with a 250-ms fixation-with-ring-cues display, where a central fixation dot (55 cd/m^2^) with a diameter of 0.25° was presented with one or two rings (40 cd/m^2^) with a diameter of 5.5° in the upper two quadrants or lower two quadrants. The function of the rings was to mark whether this trial was a one-target trial (one ring) or a two-target trial (two rings). After a fixation-only display of 500 ms, two letter streams appeared on the upper or the lower two quadrants, centered at an eccentricity of 4°. For each stream, 24 letters (C and V were avoided due to confusion with other letters) were presented, with the order randomized without replacement. Each letter was presented for 59 ms, separated by a 35-ms blank. In the *one-target condition*, a ring cue with a diameter of 5.5° circled around the target letter. The possible target letter appeared between the seventh and the 18th item (inclusive) of the stream. In the *two-target condition*, two ring cues were presented simultaneously circling around the two target letters in the two streams.Fig. 1Schematic representations of the (**a**) rapid serial visual presentation (RSVP) streams, (**b**) response display in Experiment 1, and (**c**) RSVP streams in Experiments 2 and 3. Each trial started with a 250-ms fixation-with-ring-cues display, and then a 500-ms fixation-only display. The letter or character stream consisted of 24 stimulus frames of 59 ms (Experiments 1 and 2) or 118 ms (Experiment 3) separated by a 35-ms blank interval. The targets were one of the middle 12 frames (the seventh to the 18th inclusive) and designated by rings. The sizes and brightness levels of the contours in these diagrams are for illustration purposes, and they are not exactly identical to the contours used in the experiments. Please see the main text for the exact stimulus parameters used in the experiments

After the letter stream RSVP was the response display (Fig. [1b](#Fig1){ref-type="fig"}). On the response display in the one-target condition, a vertical column comprised of white letters A--Z except for C and V (55 cd/m^2^) was presented on the corresponding target side, with a distance of 9° with respect to the central vertical meridian. Each letter was 0.4° in width and 0.7° in height. At the location where the target stream was presented, there was an underscore, informing the participant of the location he or she was about to respond to. Once the participant clicked on any letter on the letter column, the underscore would change to the letter the participant had just clicked on. Then, the participant had to click on the OK button at the center to confirm the answer. The OK button was a black word "OK" superimposed with a Gaussian blob that peaked at a luminance value of 55 cd/m^2^, with a sigma value of 0.3°. In the two-target condition, the participant's response order for the two targets was randomized (left side first on some trials and right side first on others). The letter column and the underscore for the first side (e.g., the left side in the trials where the participant had to make the response to the left target first) was always white (55 cd/m^2^), and those for the second side were gray (8 cd/m^2^). After completing the response for the first side, the letter column and the underscore on the first side would turn gray, and those on the second side would turn white.

The participant first completed a 20-trial practice session. More practice trials were possible if the participant was not confident enough to begin the experimental session. The experimental session consisted of 128 trials, with 64 of these in the *one-target condition* and the other 64 in the *two-target condition*. In the one-target condition, the target stream was on the left side on half of the trials and the right side on the other half. The order of the trials in different conditions was randomized. The participants completed the experiment within approximately 1 h.

Analysis {#Sec7}
--------

### Serial position error {#FPar4}

The serial position error (SPE) was defined by the temporal position difference between the target letter and the reported letter. For example, if the participant accurately reported the target letter, the SPE would be 0; if the participant reported the letter that was presented one item after the target, the SPE would be +1; if the participant reported the letter that was presented one item prior to the target, the SPE would be −1. For each condition, a distribution of SPEs could be collected.

### Mixture model {#FPar5}

For any given trial, the participant might have reported a letter he or she really perceived, which was referred to as an effective trial. Alternatively, the participant might have guessed and made a random response, which was referred to as a guessing trial. Presumably, SPEs for effective trials should distribute according to a Gaussian distribution, and SPEs for guessing trials should distribute uniformly. Based on these assumptions, we fitted the data with a mixture model comprising a Gaussian distribution and a uniform distribution, formulated as follows:$$\documentclass[12pt]{minimal}
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In this formula, *x* is a given SPE value*, f* indicates the probability of this given SPE *x*, *p*~T~ is the index of *selection efficacy,* represented by the proportion of the Gaussian distribution *N* (*x*,μ,σ). The mean and the standard deviation of the Gaussian distribution were μ and σ, which were respectively the indices of *selection latency* and *selection imprecision*. The term *U*(*x*) is the uniform distribution of guessing trials.

Selection *latency* and *imprecision* served as indices of how fast and how reliable the selection process took place. If selection occurred very soon after the ring cues appeared, the latency value should be small; otherwise it should be large. If the selection time varied a lot from trial to trial, the imprecision value should be large; otherwise it should be small. Efficacy served as an index of the amount of trials where the consolidation process was complete. For trials where the consolidation process was incomplete, no consolidated representation was available in the short-term memory, leading to a guessing response. A high proportion of guessing responses would lead to a low efficacy value.

In Equation [1](#Equ1){ref-type=""}, there was a window function *W*(*x*). This term was necessary due to the design of the present experiments, where possible SPE values ranged from −17 to 17. The function of *W*(*x*) is defined as:$$\documentclass[12pt]{minimal}
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In the equations above, SP~*f*~ and SP~*l*~ refer respectively to the first and the last serial positions where the target could appear, and SP~*t*~ is the total number of items in the stream. The three values were 7, 18, and 24, respectively, in the current study.

The window function (Eq. [2](#Equ2){ref-type=""}) can be understood in the following way: To get an SPE of 1, the serial position of the target and that of the reported letter could be, respectively, 7 and 8, 8 and 9, etc. To get an SPE of 17, the serial positions of the target and that of the reported letter could only be 7 and 24, where the serial position of 7 is the first possible target location, and 24 is the last position the observer could possibly report. In general, extreme SPEs can only occur on few trials, leading to an uneven distribution for the window function *W(x)*.

As the integral of the overall mixture function must be equal to 1, normalizing constants must be applied to Eq. [1](#Equ1){ref-type=""}: *C*~*N*~ is the normalizing constant for the windowed Gaussian distribution:$$\documentclass[12pt]{minimal}
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### Model fitting {#FPar6}

For each condition, we fitted the SPE data with three free parameters (*p*~*T*~, *μ*, *σ*) in the mixture model (Eq. [1](#Equ1){ref-type=""}). A maximum likelihood method implemented by the *mle* comment in Matlab was used to estimate the parameters. The three parameters were estimated 30 times with different starting values. Figure [2](#Fig2){ref-type="fig"} shows an exemplar SPE distribution of Experiment 1 (SPEs in the right stream in the two-target condition from participant AKC), with the raw data in Fig. [2a](#Fig2){ref-type="fig"}, and the fitted model in Fig. [2b](#Fig2){ref-type="fig"}.Fig. 2Example histogram of serial position errors and model fit. (**a**) The histogram shows an example distribution (the responses for the right stream of the two-target condition, from participant AKC), with the dashed line representing the best-fitting mixture model, of which the components are shown in panel b. (**b**) The two components are as follows: the Gaussian component (the bell-shaped gray surface), which represents the proportion of effective trials; the random-report component (the flat-shaped gray surface), which represents the proportion of guessing trials

Results and discussion {#Sec8}
----------------------

We replicated the results of Goodbourn and Holcombe's ([@CR12]) study. The selection latency and imprecision did not significantly differ between the one-target condition and two-target conditions. For selection efficacy, there was an interaction, whereby the efficacy value for the left side was significantly higher than the right side in the two-target condition but not in the one-target condition.

The SPEs for each condition are shown in Fig. [3a](#Fig3){ref-type="fig"}, with the error bars indicating the 95% confidence intervals (CIs) across the seven participants. Figure [3b--d](#Fig3){ref-type="fig"} illustrate the mean efficacy, latency, and imprecision values for the left targets and the right targets, separately in the one-target condition and the two-target condition. The black columns in Fig. [3b--d](#Fig3){ref-type="fig"} represent the "left-side advantages" derived from the differences between the left-target condition and the right-target condition. A positive value indicates an effect favoring the left target, which could be a higher efficacy value, or a lower latency/imprecision value for the left target with respect to the right target. The error bars indicate the 95% confidence intervals (CIs) of the "left-side advantages" across the seven participants. The statistical analyses on efficacy, latency, and imprecision values are described below.Fig. 3Results of Experiment 1: (**a**) The serial position error (SPE) distributions for the one-target/left, the one-target/right, the two-target/left, and the two-target/right conditions are plotted from left to right for each SPE bin. The (**b**) mean efficacy, (**c**) latency, and (**d**) imprecision values for the left targets are represented by triangular markers connected by dashed lines, and those for the right targets are represented by square markers connected by solid lines. In Figs. (**b**)**--**(**d**), the black columns indicate the "left-side advantages," derived from the differences on the (**b**) efficacy, (**c**) latency, or (**d**) imprecision value between the left-target condition and the right-target condition, with a positive value indicating an effect favoring the left side. The error bars indicate 95% CIs of the left-side advantages

### Efficacy {#FPar7}

The efficacy values were subjected to a repeated-measures ANOVA, with two within-subject factors: target number (one target or two targets) and target side (left or right). There were significant effects of target number (*F*(1, 6) = 19.59, *p* = .004, *η*~*partial*~^*2*^ = .77) and target side (*F*(1, 6) = 7.36, *p* = .03, *η*~*partial*~^*2*^ = .55), as well as a significant interaction between the two factors (*F*(1, 6) = 11.22, *p* = .02, *η*~*partial*~^*2*^ = .65). In the one-target condition, there was no significant difference (*t*(6) = 0.02, *p* = .98, *Cohen's d* = 0.008) between the efficacy value for the left target (*M* = .89) and for the right target (*M* = .89). In the two-target condition, the efficacy value for the left target (*M* = .80) was significantly higher (*t*(6) = 3.70, *p* = .01, *Cohen's d* = 1.40) than that for the right target (*M* = .62).

### Latency and imprecision {#FPar8}

There was no statistically significant effect on latency or imprecision of target number, target side, or interaction between the two (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15).

Experiment 2 {#Sec9}
============

Experiments 2 and 3 were critical experiments of this study. Chinese characters with negative or neutral connotations were used to test how efficacy, latency, and imprecision varied with stimulus emotion.

Methods {#Sec10}
-------

### Participants {#FPar9}

Twenty-five people (14 males) participated in Experiment 2 (age range: 20--38 years, median = 22 years).

The main research interest in this experiment was the effect of emotion (negative vs. neutral). We used the data in the study of Most and Wang ([@CR25]), where the participants were presented with two streams of RSVP as in the case of the present study, as the reference of our calculation of the required sample size. According to the power analysis performed with G\*Power 3 (Faul, et al., [@CR7]), a minimum sample size of 16 was required to achieve 90% power.[3](#Fn3){ref-type="fn"} We nevertheless decided to add more participants to provide more than sufficient power.

### Procedure {#FPar10}

Twenty-four Chinese characters with negative or neutral connotations were presented in the RSVP streams (Fig. [1c](#Fig1){ref-type="fig"}). The connotations for the two character streams on the left and the right sides could be neutral versus neutral, neutral versus negative, negative versus neutral, or negative versus negative. In the one-target condition, the participants had to monitor and report one of the two streams, which could be neutral or negative; in the two-target condition, the participants had to monitor and report both streams. For each stream in each trial, the 24 Chinese characters were randomly chosen from a pool of 120 Chinese neutral characters or a pool of 120 Chinese negative characters (see [Appendix](#Sec23){ref-type="sec"}). The mean character frequency and the mean stroke count for the characters in the neutral pool and the negative pool were not significantly different according to the database published by National Language Committee, Ministry of Education of Taiwan ([@CR26]). The neutral and the negative pools were identical across different trials and different participants, but a different set of 24 characters was randomly chosen again for each stream in each trial. After completing the experiment, each participant was required to fill out a questionnaire with all the characters from the two pools, to confirm whether the characters in the pools were perceived to be negative or neutral. Using a 7-point Likert scale, participants were required to rate how positive a given character was.

Similar to Experiment 1, the response display consisted of one or two character columns, underscores, and the central OK button (Fig. [1b](#Fig1){ref-type="fig"}), but Chinese characters instead of English letters were presented. The 24 characters shown in the character column were the characters the participant had just viewed in the RSVP stream, but with a different order.

The participant first completed a 20-trial practice session. More practice trials were possible if the participant was not confident enough to begin the experimental session. The experimental session consisted of 512 trials, with 256 of these in the one-target condition and the other 256 in the two-target condition. In the one-target condition, the target stream was on the left side on half of the trials and the right side on the other half. For each side, the target connotations were neutral on half of the trials and negative on the other half. In the two-target condition, the emotional connotations for the left and the right target streams could be neutral versus neutral, neutral versus negative, negative versus neutral, or negative versus negative, with an equal number of trials for each combination. The order of the trials was randomized, and the participant completed the experiment on four separate sessions with 128 trials in approximately 1 h on each session. Participants were encouraged to take a short break every 32 trials.

All other experimental parameters were identical to those in Experiment 1.

Results {#Sec11}
-------

The data analysis in this experiment was split into two steps. In step 1, the data of the one-target condition and the two-target condition were both included. In step 2, only the data in the two-target condition were included.

### Overall analysis {#FPar11}

The two critical factors of the present experiment were target number (one/two) and target emotion (neutral/negative), and thus the SPEs for the one-target/neutral, the one-target/negative, the two-target/neutral, and the two-target/negative condition were separately plotted in Fig. [4a](#Fig4){ref-type="fig"}, with the error bars indicating the 95% CIs across the 25 participants. Figure [4b--d](#Fig4){ref-type="fig"} illustrate the means for the aforementioned four conditions on efficacy, latency, and imprecision. In Fig. [4b--d](#Fig4){ref-type="fig"}, the black columns represent the "target emotion effects," derived from the differences between the neutral-target condition and the negative-target condition. A positive value indicates an effect favoring the negatively charged target, which could be a higher efficacy value, or a lower latency/imprecision value for the negatively charged target with respect to the neutral target.Fig. 4Results of the overall analyses of Experiment 2: (**a**) The serial position error (SPE) distributions for the one-target/ neutral, the one-target/negative, the two-target/neutral, and the two-target/negative conditions are plotted from left to right for each SPE bin. The (**b**) mean efficacy, (**c**) latency, and (**d**) imprecision values for the negatively charged targets are represented by triangular markers connected by dashed lines, and those for the neutral targets are represented by square markers connected by solid lines. In Figs. (**b**)**--**(**d**), the black columns indicate the "target emotion effects", derived from the differences on the (**b**) efficacy, (**c**) latency, or (**d**) imprecision values between the negative-target condition and the neutral-target condition, with a positive value indicating an effect favoring the negative-target condition. The error bars indicate 95% CIs of the target emotion effects

Unlike Experiment 1, target side did not yield any statistically significant effect on efficacy, latency, or imprecision. As the main interest of the present study was the "target emotion effect" instead of the "left-side advantage," the data for the left target and the right target were collapsed in all the figures in this experiment for simplicity purposes. Nonetheless, the CIs of the left-side advantages will be provided separately for the one-target condition and the two-target condition.

The efficacy, latency, and imprecision values were subjected to a repeated-measures ANOVA, with three within-subject factors: target number (one or two), target emotion (neutral or negative), and target side (left or right). The statistical analyses on efficacy, latency, and imprecision values are described below.*Efficacy*. There was a significant effect of target number (*F*(1, 24) = 124, *p*\< .001, *η*~*partial*~^*2*^ = .84), caused by higher efficacy value in the one-target condition (*M* = .64) than the two-target condition (*M* = .31). There was also a significant effect of target emotion (*F*(1, 24) = 11.03, *p* = .003, *η*~*partial*~^*2*^ = .31), where negatively charged characters yielded higher efficacy (*M* = .50) than neutral characters (*M* = .46). The 95% CIs of the left-side efficacy advantage of the one-target condition and the two-target condition were, respectively, \[-0.1, 0.005\] and \[-0.04, 0.11\], where a positive value represents an effect favoring the left side. Statistically, the effect of target side, and all the possible interactions among target side, target number, and target emotion, did not reach significance (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15).*Latency and imprecision*. For both latency and imprecision, the main effects of target number, target emotion, target side, and their possible interactions did not reach statistical significance (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15). The 95% CIs of the left-side latency advantage of the one-target condition and the two-target condition were, respectively, \[-24 ms, 37 ms\] and \[-16 ms, 44 ms\]; the 95% CIs of the left-side imprecision advantage of the one-target condition and the two-target condition were, respectively, \[-19 ms, 59 ms\] and \[-6 ms, 70 ms\], where a positive value represents an effect favoring the left side.

### Two-target condition only {#FPar12}

In the two-target condition, the connotations of the two targets on the two sides could be neutral versus neutral, neutral versus negative, negative versus neutral, or negative versus negative. Therefore, for any particular target, its own connotation was independent of the connotation of the other target on the other side of the display. In the following analysis, the emotional implication (connotation) of the target is referred to as the *target emotion*, and the emotional implication of the other target on the other side is referred to as the *neighbor emotion*. For example, in trials with a neutral stream on the left side and a negative stream on the right side, the target emotion for the left stream was neutral, and its neighbor emotion was negative.

The SPE distributions for the neutral-neighbor/neutral-target, the neutral-neighbor/negative-target, the negative-neighbor/neutral-target, and the negative-neighbor/negative--target conditions are plotted separately in Fig. [5a](#Fig5){ref-type="fig"}, with the error bars indicating the 95% CIs across the 25 participants. Figure [5b--d](#Fig5){ref-type="fig"} illustrate the means for each neighbor-target emotion combination on efficacy, latency, and imprecision. The black columns in Fig. [5b--d](#Fig5){ref-type="fig"} represent the "target emotion effects," derived from the differences between the neutral-target condition and the negative-target condition.Fig. 5Results of the two-target condition only in Experiment 2: (**a**) The serial position error (SPE) distributions for the neutral-neighbor/neutral-target, neutral-neighbor/negative-target, negative-neighbor/neutral-target, and the negative-neighbor /negative-target conditions are plotted from left to right for each SPE bin. The (**b**) mean efficacy, (**c**) latency, and (**d**) imprecision values for the negatively charged targets are represented by triangular markers connected by dashed lines, and those for the neutral targets are represented by square markers connected by solid lines. In Figs. (**b**)**--**(**d**), the black columns indicate the "target emotion effects," derived from the differences on the (**b**) efficacy, (**c**) latency, or (**d**) imprecision values between the negative-target condition and the neutral-target condition, with a positive value indicating an effect favoring the negative-target condition. The error bars indicate 95% CIs of the target emotion effects

The efficacy, latency, and imprecision values were subjected to a repeated-measures ANOVA, with three within-subject factors: target emotion (neutral or negative), target side (left or right), and neighbor emotion (neutral or negative).*Efficacy*. The effect of target emotion, neighbor emotion, target side, and any of their interactions did not reach statistical significance (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15).*Latency*. There were significant effects of target emotion (*F*(1, 24) = 4.41, *p* = .046, *η*~*partial*~^*2*^ = .16) and neighbor emotion (*F*(1, 24) = 8.09, *p* = .009, *η*~*partial*~^*2*^ = .25). For neutral targets, the latency values for having a neutral neighbor and having a negative neighbor were 51 ms and 1 ms, respectively; for negatively charged targets, the latency values for the neutral neighbor and negative neighbor were 10 ms and 0 ms, respectively. Either being a negative target or having a negative neighbor, led to a lower latency value than its neutral counterpart. There was no significant main effect of target side, or significant interaction among target emotion, neighbor emotion, and target side ( *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15).*Imprecision*. The effects of target emotion, neighbor emotion, target side, and any of their interactions did not reach statistical significance (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15).

### Rating results {#FPar13}

For the 120 neutral characters and 120 negatively charged characters used in this experiment, we treated each character as a "subject," and the mean rating value on a 7-point Likert scale derived from the 25 participants as the index of emotional positivity. A between-subject t-test showed that the negatively charged characters were indeed perceived to be more negative (*M* = 2.73) than the neutral characters (*M* = 4.22) (*t(238)* = 26.77, *p* \< .0001, *Cohen's d* = 3.46).

Discussion {#Sec12}
----------

In this experiment, attentional selection process was shown to be accelerated as long as a negative target was present in the display, as evidenced by a shortened latency caused by a negative target or a negative neighbor. However, the effect of efficacy was equivocal. In the "overall" analysis, where the one-target condition and two-target condition were combined, negatively charged targets gain processing priority. In the two-target-only analysis, there was no significant effect of target emotion on efficacy. Therefore, the negative superiority effect mainly came from the one-target condition but not the two-target condition.

One discrepancy between Experiment 2 and Experiment 1 was the significant left-side advantage on efficacy in Experiment 1 but not Experiment 2. The two experiments were different in two aspects. First, English letters were used in Experiment 1 but Chinese characters were used in Experiment 2; second, emotion was manipulated in Experiment 2 but not Experiment 1. More specifically, Experiment 1 included only neutral items but Experiment 2 included neutral and negatively charged items. To conduct a fair cross-experimental analysis, all the conditions in Experiment 1 and only the one-target/neutral and the two-target/neutral-target/neutral-neighbor conditions in Experiment 2 were included, and "Experiment" was used as a between-subject factor with "target number" and "target side" as within-subject factors. The mixed-design ANOVA did show a significant interaction between Experiment and target side (*F*(1, 29) = 4.62, *p* = .04, *η*~*partial*~^*2*^ = .14 ). Therefore, for the discussions regarding the target side effect, Chinese characters and English letters are discussed separately in the rest of the paper.

Experiment 3 {#Sec13}
============

In Experiment 2, although the effects of target emotion and neighbor emotion were significantly manifested on latency, the effect of target emotion on efficacy was only significant in the one-target condition but not the two-target condition. By inspecting the efficacy values (Fig. [5b](#Fig5){ref-type="fig"}), one can find that they were as low as approximately 0.3 in the two-target condition. Possibly, consolidating two targets that were presented for such a brief time was far too difficult. As consolidation occurred after selection, the very brief stimulus presentation time used in Experiment 2 might have been long enough for different stimulus emotions to exert differential effects on the initial selection stage, but caused a floor effect for the latter consolidation stage. In Experiment 3, a longer target presentation time would be used to test this possibility.

Methods {#Sec14}
-------

### Participants {#FPar14}

Twenty-five people (13 males) participated in Experiment 3 (age range: 20--45 years, median = 22 years).

### Procedure {#FPar15}

The experimental parameters were identical to those in Experiment 2 except for the character presentation time. Instead of 59 ms, each character was presented for 118 ms.

Results {#Sec15}
-------

### Overall analysis {#FPar16}

The efficacy, latency, and imprecision values were subjected to a repeated-measures ANOVA, with three within-subject factors: target number (one or two), target emotion (neutral or negative), and target side (left or right). As target side did not yield any significant effect on efficacy, latency, or imprecision, and the "left-side advantage" was not the main research interest of the present study, the data for the left side and the right side are collapsed in all the figures in this experiment for simplicity purposes. Nonetheless, The 95% CIs of the left-side advantages for the one-target condition and the two-target condition are reported, where a positive value indicates an effect favoring the left side.

The SPE distributions for the one-target/neutral, the one-target/negative, the two-target/neutral, and the two-target/ negative conditions are shown in Fig. [6a](#Fig6){ref-type="fig"}, with the error bars indicating the 95% CIs across the 25 participants. Figure [6b--d](#Fig6){ref-type="fig"} show the mean efficacy, latency, and imprecision values in each of the four aforementioned conditions. The black columns in Fig. [6b--d](#Fig6){ref-type="fig"} indicate the "target emotion effects," derived from the differences between the neutral-target condition and the negative-target condition, where a positive value indicates an effect favoring the negative-target condition. The statistical analyses are shown below.*Efficacy*. There was a substantial effect of target number (*F*(1, 24) = 108.5, *p* \< .001, *η*~*partial*~^*2*^ = .82) manifested by a higher efficacy value in the one-target condition (*M* = .78) than the two-target condition (*M* = .49). The target emotion also yielded a significant effect (*F*(1, 24) = 13.57, *p* = .001, *η*~*partial*~^*2*^ = .36), caused by higher efficacy values for the negatively charged target characters (*M* = .65) than neutral characters (*M* = .62). The effect of target side, and any significant interaction among target side, target emotion, and target number did not reach statistical significance (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15). The 95% CIs of the left-side efficacy advantages of the one-target condition and the two-target condition were, respectively, \[-0.02, 0.02\] and \[-0.07, 0.11\], where a positive value indicates an effect favoring the left side.*Latency*. The main effect of target number, target emotion, target side, and any interaction among the three factors did not reach statistical significance (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15). The 95% CIs of the left-side latency advantages of the one-target condition and the two-target condition were, respectively, \[-18 ms, 8 ms\] and \[-30 ms, 43 ms\], where a positive value represents an effect favoring the left side.*Imprecision*. There was a significant effect of target number (*F*(1, 24) =11.52, *p* = .002, *η*~*partial*~^*2*^ = .32), caused by lower selection imprecision (more precise) in the one-target condition (*M* = 68 ms) than the two-target condition (*M* = 91 ms). The effects of target emotion, target side, and any interaction among target side, target emotion, and target number did not reach statistical significance (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15). The 95% CIs of the left-side imprecision advantage of the one-target condition and the two-target condition were, respectively, \[-11 ms, 24 ms\] and \[-22 ms, 23 ms\], where a positive value represents an effect favoring the left side.Fig. 6Results of the overall analyses of Experiment 3: (**a**) The serial position error (SPE) distributions for the one-target/neutral, the one-target/negative, the two-target/neutral, and the two-target/negative conditions are plotted from left to right for each SPE bin. The (**b**) mean efficacy, (**c**) latency, and (**d**) imprecision values for the negatively charged targets are represented by triangular markers connected by dashed lines, and those for the neutral targets are represented by square markers connected by solid lines. In Figs. (**b**)**--**(**d**), the black columns indicate the "target emotion effects," derived from the differences on (**b**) efficacy, (**c**) latency, or (**d**) imprecision values between the negative-target condition and the neutral-target condition, with a positive value indicating an effect favoring the negative-target condition. The error bars indicate 95% CIs of the target emotion effects

### Two-target condition only {#FPar17}

The efficacy, latency, and imprecision values were subjected to a repeated-measures ANOVA, with three within-subject factors of target emotion (neutral or negative), target side (left or right), and neighbor emotion (neutral or negative).

The SPEs plotted for each neighbor-target emotion combination (neutral-neutral, neutral-negative, negative-neutral, and negative-negative) are shown in Fig. [7a](#Fig7){ref-type="fig"}, with the error bars indicating the 95% CIs across the 25 participants. Figure [7b--d](#Fig7){ref-type="fig"} illustrate the means for each neighbor-target emotion combination on efficacy, latency and imprecision. The black columns in Fig. [7b--d](#Fig7){ref-type="fig"} represent the "target emotion effects," derived from the differences between the efficacy (Fig. [7b](#Fig7){ref-type="fig"}), latency (Fig. [7c](#Fig7){ref-type="fig"}), or imprecision (Fig. [7d](#Fig7){ref-type="fig"}) values in the neutral-target condition and the negative-target condition.*Efficacy.* There was a significant effect of target emotion (*F*(1, 24) = 8.6, *p* = .007, *η*~*partial*~^*2*^ = .26), caused by higher efficacy values for negatively charged targets (*M* = .51) than for neutral targets (*M* = .48). There was also a significant effect of neighbor emotion (*F*(1, 24) = 5.99, *p* = .02, *η*~*partial*~^*2*^ = .20), caused by higher efficacy values for characters with neutral neighbors (*M* =.51) than characters with negatively charged neighbors (*M* =.48). There was no significant main effect of target side, nor any interaction among target emotion, neighbor emotion, and target side (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15).*Latency and imprecision*. There was no significance main effect of target emotion, neighbor emotion, target side, nor any interaction among the three factors (all *ps*\>.05, all *η*~*partial*~^*2'*^*s* \< .15) on latency and imprecision.Fig. 7Results of the two-target condition only in Experiment 3: (**a**) The serial position error (SPE) distributions for the neutral-neighbor/neutral-target, the neutral-neighbor/negative-target, the negative-neighbor/neutral-target, and the negative-neighbor/negative--target conditions are plotted from left to right for each SPE bin. The (**b**) mean efficacy, (**c**) latency, and (**d**) imprecision values for the negatively charged targets are represented by triangular markers connected by dashed lines, and those for the neutral targets are represented by square markers connected by solid lines. In Figs. (**b**) **--**(**d**), the black columns indicate the "target emotion effects," derived from the differences on the (**b**) efficacy, (**c**) latency, or (**d**) imprecision values between the negative-target condition and the neutral-target condition, with a positive value indicating an effect favoring the negative-target condition. The error bars indicate 95% CIs of the target emotion effects

### Rating results {#FPar18}

Similar to Experiment 2, a between-subject *t-*test (with each character treated as a "subject") on the emotional positivity rating values derived from the 25 participants showed that the 120 negatively charged characters were indeed perceived to be more negative (*M* = 2.74) than the 120 neutral characters (*M* = 4.27) (*t(238)* = 26.89, *p* \< .0001, *Cohen's d* = 3.47).

### Concreteness {#FPar19}

Using linguistic materials as emotional stimuli might potentially involve unwanted confounding variables. For example, one might argue that the effects of emotion observed in the current study might have confounded with character concreteness. We did not control this factor in advance, so could only conduct a *post hoc* analysis to examine the effect of concreteness. After the completion of Experiments 2 and 3, we designed an online questionnaire aiming to test people's perception of concreteness of each character used in this study. The questions were framed in a way similar to the questions used in the study of Yao, Wu, Zhang, and Wang ([@CR45]), where participants had to judge how likely a particular word could provoke a thought about a concrete object or a scene, on a 7-point Likert scale. One hundred native Chinese speakers filled out this questionnaire online. Statistically, negatively charged characters were indeed perceived to be more concrete than neutral characters (*t (238)* = 2.59, *p* =.01), but the effect size was fairly small (negative: *M =* 4.49; neutral: *M* = 4.18; *Cohen's d* = 0.33), which was substantially smaller than the effect sizes of emotional positivity rating values in Experiment 2 (*Cohen's d* = 3.46) and Experiment 3 (*Cohen's d* = 3.47).

If the emotional effect observed in this study had been confounded with character concreteness, there should have been a correlation between the participant's task performance for each character, which could be indexed by the absolute SPE (unsigned serial position error), and the index of concreteness for each target. Thus, we did a correlational analysis between character concreteness rating values and absolute SPEs across all targets for each participant, and found that the average correlational coefficients did not significantly differ from zero in Experiments 2 and 3 (*ts \<* 2.1, *ps* \>.05). However, the average correlation coefficients between the character emotional positivity rating values and absolute SPEs were significantly larger than zero in Experiments 2 and 3 (*ts\>* 2.8, *ps* \<.01), showing that the more negative the target character was, the smaller absolute SPE value the target character induced. Although negatively charged characters were perceived to be slightly more concrete than neutral targets, the degree of concreteness of the character did not significantly predict its induced task performance, whereas the degree of emotional positivity did.

Discussion {#Sec16}
----------

In this experiment, target presentation time was increased so more time was available for consolation. Indeed, the efficacy for negatively charged targets was significantly higher than that for neutral targets, showing a negative superiority effect. Interestingly, this negative superiority effect for target emotion was accompanied by a negative inferiority effect for neighbor emotion: Having a negative neighbor decreased the processing efficacy. This implied that consolidation is subject to limited resources. Resources are more likely to be deployed to negatively charged characters, causing a disruptive effect for their neighbors.

General discussion {#Sec17}
==================

Summary of results {#Sec18}
------------------

In Experiment 1, we replicated Goodbourn and Holcombe's ([@CR12]) study. When viewing one RSVP stream composed of English letters, there was no significant effect of target number or target side on selection latency or imprecision; when viewing two RSVP streams, an efficacy benefit favoring the left side was manifested. In Experiment 2, where Chinese characters were used, latency effects induced by target emotion and neighbor emotion were observed. Either being a negatively charged target or having a negatively charged neighbor led to shortened selection latency. It is possible that attending to negatively charged stimuli triggered some subcortical neural circuits (Pop-Jordanov & Pop-Jordanova, [@CR32]) that accelerated the attentional process. However, there was no significant effect on efficacy in the two-target conditions. In Experiment 3, the stimulus duration increased. The latency effect became insignificant, but an efficacy benefit favoring negatively charged targets emerged. Interestingly, the efficacy benefit for negatively charged targets was accompanied by a cost for having negatively charged neighbors.

There was an unexpected finding that the imprecision value for the one-target condition was lower than that for the two-target condition in Experiment 3. Given that emotion could modulate selection latency, as shown in Experiment 2, the trial-to-trial variability on stimulus emotion should also affect selection imprecision. For the one-target condition, the target could be neutral or negative; for the two-target condition, the target pair could be neutral versus neutral, neutral versus negative, negative versus neutral, or negative versus negative. The higher trial-to-trial variability on stimulus emotion might be the cause for the less precise selection process in the two-target condition than the one-target condition.

Comparison between Experiment 2 and Experiment 3 {#Sec19}
------------------------------------------------

Both target emotion and the neighbor emotion yielded significant effects on latency in Experiment 2, but neither did in Experiment 3. One possibility could be that the short target presentation time in Experiment 2 provided a scale of high temporal resolution for different stimulus emotions (negative and neutral) to exert differential effects on selection latency. In Experiment 3, there was still a trend that the latency value decreased as long as the target or the neighbor was negative (Fig. [7c](#Fig7){ref-type="fig"}), but it did not reach statistical significance. Possibly, the selection mechanism induced by neutral items was still slower than that induced by negative items, but each item was presented too long so even a lagged selection mechanism still frequently selected the same item as the leading selection mechanism. Thus, the effect size of latency would be underestimated.

When there were two targets, the higher efficacy values induced by negatively charged targets, together with the lower efficacy values induced by negatively charged neighbors, were only statistically significant in Experiment 3 (Fig. [7b](#Fig7){ref-type="fig"}). In Experiment 2, one could still find the same trend (Fig. [5b](#Fig5){ref-type="fig"}), which failed to reach statistical significance. Possibly, the long target presentation time in Experiment 3 enabled different emotions to induce differential effects at the consolidation stage, and thus the emotional effect on efficacy was more likely to be observed in Experiment 3. In the case of Experiment 2, the short presentation time allowed too few items to reach the consolidation stage for the manifestation of the emotional effect.

In regard to imprecision, the one-target condition yielded a lower imprecision value (more precise) than the two-target condition in Experiment 3, but this effect was not significant in Experiment 2. The larger data range of Experiment 3 might have provided a more sensitive measurement for any imprecision effect to emerge. Possible SPEs in the present study ranged from −17 to 17, which corresponded to −1,600 ms to 1,600 ms in Experiment 2 and −2,600 to 2,600 ms in Experiment 3. The absence of a significant target number effect on imprecision in Experiment 2 was possibly due to the narrower data range that might have truncated some imprecision values, thus reducing the effect size.

Insignificant target side effect for Chinese characters {#Sec20}
-------------------------------------------------------

One thing to note is that the significant left-side advantage for the English letters became statistically insignificant for Chinese characters. In fact, the target side effect was highly related to the implied reading direction of the stimuli. Even for the English letters, the significant left-side advantage was eliminated when the letters were mirrored or rotated to face to the left (Holcombe, Nguyen, & Goodbourn, [@CR13]). Moreover, when English-Arabic bilinguals were tested with English letters, they showed a left-side advantage as English readers, but when tested with Arabic letters, a trend towards a right-side advantage was observed (Ransley, Goodbourn, Nguyen, Moustafa, & Holcombe, [@CR35]). Chinese characters can be read both from left to right, and from right to left, depending on the context. When there is little contextual cue, as in the experiments of the present study, participants can read in both directions, leading to the absence of a significant target side effect.

How does emotion interact with attention? {#Sec21}
-----------------------------------------

The emotional effect on perception has been shown to be facilitative in some studies (Öhman et al., [@CR27]; Phelps et al., [@CR31]; Pourtois et al., [@CR33]; Pourtois et al., [@CR34]; Van Damme et al., [@CR40]) and inhibitory in others (Kennedy et al., [@CR18]; Most et al., [@CR22]; Most et al., [@CR23]; Most & Jungé, [@CR24]; Wang et al., [@CR43]). Here, we offer an explanation for the contradictory effects of emotion:

### Emotion accelerates attentional selection {#FPar20}

When observers are required to select a set of stimuli in the visual display, the overall selection speed can be accelerated if the potential targets include emotional stimuli, regardless of the stimulus location. This is why the selection latency reduced as long as the target stream, or the neighbor stream contained negatively charged characters. It is possible that the presence of a negatively charged character elevated the participant's arousal state, which then triggered thalamocortical interactions involving reticular-limbic and thalamic excitatory control systems (Pop-Jordanov & Pop-Jordanova, [@CR32]). This subcortical interaction is not location-specific, so the latency effect is not restricted to the target location only. The "acceleration" effect of emotion might manifest itself in different forms. In tasks that require rapid identification, an accelerated process could lead to better identification performance, as in the case of Phelps et al. ([@CR31]), where a centrally presented emotional face picture facilitated the identification performance of the peripherally presented targets.

### Emotional stimuli are prioritized for consolidation {#FPar21}

After potential target representations have been selected, they must undergo the consolidation process for conscious report (Chun & Potter, [@CR6]; Goodbourn & Holcombe, [@CR12]; Kanwisher, [@CR17]), and emotional stimuli are prioritized for consolidation. Because attentional resources for consolidation are limited, a negative superiority effect for targets will be compensated by a negative inferiority effect for non-targets. For target emotion, negatively charged items can be consolidated better, possibly mediated by direct projections from the amygdala to visual cortical areas (Vuilleumier, Richardson, Armony, Driver, & Dolan, [@CR42]). For neighbor emotion, having a negatively charged neighbor impairs the efficacy because the limited attentional resources (Forster & Lavie, [@CR10]; Lavie, [@CR19]) are depleted by the negatively charged neighbor. This resource depletion effect could account for previous studies that showed an EIB effect: The presentation of an emotional distracter depleted attentional resources for the consolidation of the target.

Bocanegra and Zeelenberg\'s ([@CR2]) study demonstrated that cue-target stimulus-onset asynchrony (SOA) was a critical factor. The emotional effect was inhibitory with short cue-target SOAs (50 ms and 500 ms), but facilitative with a long cue-target SOA (1000 ms). In the present study, however, emotional characters induced an overall facilitative effect on selection latency with a short stimulus presentation time, and location-dependent facilitative and inhibitory effects on efficacy with a long presentation time. Note that the cue and the target were presented separately in Bocanegra and Zeelenberg\'s ([@CR2]) study, but simultaneously in the present study. Experiment 2 of the present study might have probed a mechanism equivalent to a similar one probed by 0\~59 ms cue-target SOAs, and Experiment 3 might have probed a mechanism equivalent to a similar one probed by 0- to 118-ms cue-target SOAs. According to Bocanegra and Zeelenberg\'s ([@CR2]) study, inhibitory effects should have been found in both Experiments 2 and 3 because they both involved SOAs shorter than 500 ms. Indeed, there was an inhibitory effect from the emotional neighbor to the target in Experiment 3 in the present study. Experiment 2 did not show a significant neighbor emotion effect, possibly due to the high task difficulty in this study that only enabled too few items to be successfully consolidated. In terms of the facilitative selection latency effect, it could be long lasting, starting from 0\~59 ms SOAs, as in the case of Experiment 2 of the present study, until 1,000 ms, as in the case of Bocanegra and Zeelenberg\'s ([@CR2]) study. However, this facilitative effect could be masked by the emotion-induced inhibition in the consolidation stage in the task used in Bocanegra and Zeelenberg\'s ([@CR2]) study, leading to an inhibitory net effect with SOAs of 50 ms and 500 ms.

Conclusions {#Sec22}
-----------

The present study, based on the experimental paradigm developed by Goodbourn and Holcombe ([@CR12]), has offered a comprehensive model to account for the dual role of emotion on perception. Firstly, emotion accelerates the selection process, possibly through subcortical interactions, and this effect is facilitative and global. This was evidenced by the shortened latency value for being a negatively charged target or having a negatively charged neighbor in Experiment 2. Secondly, emotional stimuli are prioritized for consolidation, which requires attentional resources. For simultaneously presented stimuli, the emotionally charged ones attract attention to their locations, depleting the resources for other locations. This was evidenced by higher efficacy for negatively charged targets with lower efficacy for having negatively charged neighbors in Experiment 3, where the target presentation time was relatively long for emotional effects at late stages of information processing to manifest.

Appendix {#Sec23}
========
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In Goodbourn and Holcombe's ([@CR12]) paper, they used "precision" instead of "imprecision" to refer to the standard deviation of the Gaussian distribution. However, the term "precision" could be misleading because a higher standard deviation in the Gaussian distribution actually indicated a less precise selection process. Therefore, "imprecision" is used in this paper to match the effect direction of the standard deviation.

In this analysis, we chose the "t-test" family, which compared the difference between two dependent means. The α value was set to .05, dz was set to 1.81, the number of tails was set to 2, and the power value was set to .9.

This analysis was based on the data from Experiment 1 in Most and Wang's ([@CR25]) study. The mean accuracy of the perceptual judgment task was 57.37% and 70.31%, respectively, in the negative condition and the neutral condition, and the corresponding t value was 3.57. Based on the t-value provided, the dz value could be derived, together with the α value set to .05, the number of tails set to 2, and the power value set to .9, the total sample size should be 16, according to the power analysis with G\*Power 3.
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